The differential polarizability, due to near-infrared light at 1126 nm, of the 27 Al + 1 S0 → 3 P0 transition is measured to be Δα = 4π 0 × (1.6 ± 0.5) × 10 −31 m 3 , where Δα = αP − αS is the difference between the excited and ground state polarizabilities. This measurement is combined with experimental oscillator strengths to extrapolate the differential static polarizability of the clock transition as Δα(0) = 4π 0 ×(1.5±0.5)×10
The blackbody radiation shift [1] is a significant shift in all room temperature atomic frequency standards, as can be seen in Table I for 27 Al + , as reported here. In order to reach a systematic uncertainty of |Δν/ν| < 10 −18 , the transitions with a large room temperature blackbody shift may require a cryogenic operating environment, while 27 Al + merely requires knowledge of the room temperature background with 5 K uncertainty.
We begin with a brief explanation of the blackbody shift, followed by an estimate of the shift in 27 Al + based only on published oscillator strengths. The uncertainty in this estimate motivated us to measure the differential polarizability of the clock transition due to near-infrared light. This measurement allows a determination of the blackbody shift with reduced uncertainty.
A. Blackbody shift
The blackbody shift results from off-resonant coupling of thermal blackbody radiation to the two states comprising the clock transition. The scalar polarizability α a of an atomic state a driven by an electric field at frequency ω is
with summation over all transitions connecting to state a with resonant frequency ω i , and oscillator strength f i . For monochromatic radiation E 0 cos ωt, this polarizability results in a dynamic Stark shift of
The clock transition is subject to a blackbody radiation shift of
where we integrate over the power spectral density of the blackbody electric field, and Δα(ω) = α P (ω) − α S (ω) is the difference between excited and ground state polarizabilities. Here, we first estimate the differential static polarizability Δα(0). This result is used to estimate the differential polarizability at blackbody frequencies Δα(ω) for ω ≈ 2πc/(10 μm).
B. The case of 27 Al

+
The transitions from the 1 S 0 and 3 P 0 states that have been included in our estimate are listed in Table II. Oscillator strengths are taken from the NIST Atomic Spectra Database [9] where available, and from the Opacity Project [10] otherwise. From this we calculate for the
The room temperature blackbody spectrum (E rms = 830 V/m) is centered at 10 μm wavelength. This corresponds to a frequency ω in Eq. (1), which is 50 times lower than the lowest transition frequency ω i . We may use the static polarizability without loss of accuracy, and find Δν = − 15 Hz. In order to operate Al + as a frequency standard with fractional frequency uncertainty below 6 × 10 −17 , the blackbody shift must be calibrated experimentally.
C. Near-infrared Stark shift measurement
Ideally, we would measure the shift of the clock transition due to a known intensity of 10 μm radiation, since the room temperature blackbody field is centered at this wavelength. However, the windows of our experimental apparatus are opaque to wavelengths longer than 3 μm. Instead, we measure the Stark shift due to near-infrared radiation, and use this measurement to estimate the blackbody shift.
The output of a fiber laser (600 mW with ±200 mW fluctuations) at 1126 nm was focussed onto an Al + ion, and switched on and off at regular intervals. A stable ULE reference cavity was simultaneously locked to the 1 S 0 → 3 P 0 transition, via an acousto-optic frequency shifter, and the frequency shift due to the Stark shifting beam was tracked and recorded. These measurements were repeated for various lateral (x,y) displacements of the Stark shifting beam, as shown in Figure  1 , in order to estimate the beam waist (w 0 = 100 ± 10 μm).
The resulting differential polarizability is Δα(2πc/(1126 nm)) = 4π 0 × (1.6 ± 0.5) × 10 
D. Extrapolation to zero frequency
The following relates this measurement to the differential polarizability at 0 Hz, by expanding Eq. (1) in small parameters. Two facts specific to Al + are used. Eq. (1) in powers of δ i yields
Thus, the differential polarizability between the 1 S 0 and 3 P 0 states is
where we sum over all transitions connecting to the 1 S 0 and 3 P 0 states. Positive oscillator strengths are used for the transitions connecting to 3 P 0 , and negative oscillator strengths are used for the 1 S 0 transitions.
2 , where ω 0 = 2πc/(171 nm), and let i ≡ δ i − δ 0 . This value of δ 0 is chosen because the strong transitions all lie near 171 nm. Then
All of the terms after the summation sign are small, as can be seen in 
Note that our choice of δ 0 minimizes the uncertainty σ Δα(0) . Numerically we find σ Δα(0) = 4π 0 × 1.7 × 10 −33 m 3 ≈ 0.01 × Δα(2πc/(1126 nm)). Thus, Δα(0) can be deduced from our measurement of Δα(ω) at 1126 nm with an additional uncertainty of 1 %. Eq. (5) yields Δα(0) = 4π 0 × (1.5 ± 0.5) × 10 −31 m 3 .
E. Estimate of blackbody shift
Since the frequency of blackbody radiation (centered at 10 μm wavelength) is closer to 0 Hz than the frequency of the applied 1126 nm radiation, we expect to relate Δα(0) to Δα(2πc/(10 μm)) with even less uncertainty than our estimate of Δα(0) from Δα(2πc/(1126 nm)). As before, we can propagate the errors σ fi through the result. The calculation follows from Section D and Eq. (2), and we simply write the room temperature result as
or numerically, Δν = −0.008(3) Hz.
F. Conclusion
We have measured the differential polarizability of the 27 Al + 1 S 0 → 3 P 0 clock transition at 1126 nm. We have also found expressions relating the differential polarizabilities at various drive frequencies, in which the effect of uncertainties in the oscillator strengths is minimized. In particular, Δα(0) is found from Δα(2πc/(1126 nm)) with 1 % added fractional uncertainty, while allowing conservative uncertainties of 20 % or larger in the oscillator strengths. From Δα(0) we calculate the blackbody shift with negligible added uncertainty. The fractional room temperature blackbody shift Δν/ν = (−8 ± 3) × 10 −18 is substantially lower for the 27 Al + 1 S 0 → 3 P 0 transition than for other atomic frequency standards currently under development (see Table I ). The uncertainty in this value could be lowered substantially by improving the power stability of the 1126 nm Stark shifting laser.
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